Purpose: To assess the diagnostic efficacy of magnetic resonance (MR) imaging in the detection of a vertebra I artery i njury occurri ng from major cervical spinetrauma .
MATERIALS and METHODS
From December 1993 to October 1995, MR imaging was used at our institute to examine sixty-three cervical spine trauma patients(with fracture , dislocati on or subluxation injury) for in itial diagnosis or follow up evaluation of clinically suggested cervical cord injury. The study population included 41 male and 22 female patients , aged 20 -59 years (mean , 36.7) .
In all patients , MR images were routinely obtained on a 1.0T imager(Magnetom 42sp ; Siemens, Erlangen , Germany) from one to 110 days(mean , 27 days) after injury. Neck su rface coils wer e routinely used. AII MR imaging exam ination was performed with a 128 -256 X intersl ice gap. In all patients , spin echo T1-weighted sagittal and gradient-recalled echo(GRE) sagittal and axial images were obtained. Our current MR imaging protocol incl udes a T1-weighted sequence of 550/15 (repetition time [TR] msec/echo time [TE] msec) , and a gradient echo [GRE] sequence of 510/12 with 50 0 flip angle. MR angiography was not performed initially in all patients. AII studies were assessed by two radiologists for the following diagnostic points of vertebral artery damage : [1] absent or poorly visual ized flow-related signal ; [2] an abruptly narrowed flow signal more than 50% of short diameter with a deformed contour rather than the usual round shape in axial section ; [3] abnormal traversing linear signal in axial views ; [4] abnormal location of vertebral artery flow signal outside the osteofibrous tunnel. Because the GRE sequence employed in this study allows a bright signal for fast flowing blood on axial section , the detailed evaluation of these vessels was limited to just V2 segments in the axial views , with sagiUal views for reference. This was to minimize the possibility of a false-positive interpretation related to inherent artifacts of gradient echo MR imaging including slow flowing blood during the diastolic phase or the angulation of flow direction in V1 or V3 segments. For a positive reading , focal vascular lesions had to be within two vertebral levels of the major extravascular injury site.
For comparison , another 63 MR images ofthe control group (aged 25 -63 years , mean 44.8) of non-traumatic, herniated cervical disk patients were at the same time randomly sampled and reviewed. The results of positive findings and paUern interpretation of vertebral artery injuries were recorded after consensus.
One to fourteen days(mean 5 days) after initial MRI , additional MR angiography(MRA) (n =6) and digital subtraction angiography(DSA) (n=3) were performed on patients with positive MR findings to confirm vessel injury. Two-dimensional time-of-flight(TRITE/ FA=25/9/ 35 0 ) MRA studies were obtained on a 1.5T imager (Magnetom VISION ; Siemens , Erlangen , Germany). Initial plain radiographic films(n=63) and computed tomographic images(n =59) were reviewed for the assessment of surrounding bony structures. The medical records of these patients were also reviewed to search for clinical signs including the degree of cord injury. Initial prereduction subluxation or dislocation plain films were available for only 24 patients , however, so quadriplegia or paraplegia were clinically considered to be signs of severe cervical spine trauma. The chi-square test was used to elucidate the relationship between the degree of trauma and the vascular injury.
RESULTS
Twenty-three abnormal findings were identified in the 126 vertebral arteri es of 63 pati ents an d ei 9 ht i n the control group. Two unilaterally tiny vertebral foramina in each group were observed through the subsequent CT reviews but were not included in statistical analysis (Table 1 ). Nine vertebral arteries of eight patients and one of one in the control group showed absence or poor blood flow on initial reviews of MR images( Fig. 1,   2 ). Patients more frequently demonstrated other abnormalities such as intralum inallinear signals(n =3) or focalluminal narrowing(n =9) but there was no statistical significance (Fig. 3 , 4) . Subsequent MRA and DSA were helpful in confirming the complete occlusion of vertebral arteries in five patients with no flow signals in six vertebral arteries(including one patient with bilateral occlusion) (Fig. 1 , 2) . In one patient with absent flow signal in the unilateral vertebral artery , MRA showed an intact flow signal in a 14-day-delayed scan , which suggested a spontaneous resolution of thrombosis during the 14-day interval.
On admission , all patients complained of non-specific or posterior neck pain , and 29 also complained of headache. Sixteen patients experienced loss of consciousness during the acute stage ; in eight of these patients , the vertebral arteries on MR images were abnormal. A brain CT was obtained for evaluation of head injuries in 15 patients(including six who showed abnor- Table 1 vertebral arteries(42 %) had quadriplegia or paraplegia. These differences were not statistically significant(p= . 06; chi-square test). However, with occluded vertebral artery flow only(n =9 in eight patients) , a significant correl ation was found between the presence of a severe injury(six of eight patients with absent flow signal versus nine of 53 other patients) and the presence of an occlusion(p < .02; chi-square test). The incidence of left vertebral artery involvement(n =14) exceeded that of the ri ght(n = 7) and three cases showed bilateral vessel changes. Only one case showed a total bilateral absence of vertebral arterial flow signal ( Fig. 1 ). We were able to find cranial nerve signs in two patients, and this suggested Walienberg syndrome , resulting from vertebrobasiliar insufficiencies ; we found (Fig. 1 ) , but comparative study was not possible due to the lack of data oriented to the brain problem. In addition , our patients medical records showed no specific clinical history of predisposing factors for spontaneous vertebral artery dissection DISCUSSION Due to their unique anatomic location in the osteofibrous tunnel , the V2 segments of extracranial vertebral arteries are subject to damage during an episode of cervical spine trauma (9 -11) . MR imaging and MR angiog raphic findings of a damaged vessel have been well-described (5) (6) (7) (8) . A recent report of MR angiographic findings revealed a considerable rate(24 %) of vertebral artery injury after acute cervical spine trauma , although the majority of cases were clinicaliy silent (3) . Only six cases of MR angiography were included in our study , and this is insufficient data for di- rect comparison with that of the previous report. In our study , however , statistically reliable vessel occlusions were found in only 8/61 cases(13 %) , which was a lower proportion than that found in MR angiographic study (7/37 , 19 %) by Friedman et al. (3) . The low incidence of vessel occlusion in our study might be partially related to the long time interval(mean 27 days) between MR imaging and the traumatic event, as well as to the potential pitfall of GRE sequence in the differentiation of subacute thrombi from flowing blood (12) . In many cases in our study, the observed findings of vascular lesions might be only vestigiallesions. Moreover , the poor signal intensity difference between a thrombus and the inherent magnetization susceptibility effect of the GRE sequence(13 -15) caused difficulty in the interpretation of mild degree narrowing of a vertebral artery and no statistically significant difference between patients and the control group might be resulted (Table 1) .
Initial interpretation of MR imaging , which revealed the complete absence of one vertebral artery flow in 11 vertebral arteries in ten patients , led us to consider another possi bi 1 ity : severe hypopl asi a or apl asi a of the unilateral vertebral artery should also be considered in these cases. In CT reviews of both patients and the control group , we thus excluded the cases having definite , small unilateral transverse foramina (Table 1) . Six cases of occlusion were verified by subsequent MR angiography and/or DSA studies (Fig. 1, 2) The development of aneurysms or arteriovenous fistulas from vertebral artery injury. although rare , have been reported with increasing frequency in angiographic studies (16. 17 ). However we could not find such a case in GRE sequence and that might be partially related to the inherent difficulty in detecting a small abnormal flow signal in the GRE sequences previously discussed.
The visualization in angiography of a double lumen or intimal flap is considered by some to be pathognomonic (18, 19) . We have suggested that this might be also applicable to MR images and found cases which on axial image directly among the patients(n =3) and the control group(n=1 ), showed intimal flap and false lumen. These cases had intraluminally traversing , linear signals in continuous multiple axial views with preserved blood flow in the false lumen (Fig. 3) . We could not, however , confirm them angiograp and definitive imaging modality in the diagnosis of these vessel lesions. but it cannot be justified for the screening of asymptomatic patients. In spite of the inherent dephasing and technical problems , MR angiography can be used with a high degree of reliability to show vascular narrowing or occlusion (3 , 8, 20) . In statistical analysis comparing patients with the control group , the only reliable finding on axial MR images was absent or poor flow signal in the entire length ofthe vessel (Table 1) .
This study has, in fact, severallimitations. A limited number of injuries were confirmed by the generally accepted gold standard of conventional angiography; the scanning time interval were , however, long enough (mean 27 days) for the stabilization of arterial dissection , and we were unable to recommend further practical angiographic confirmation or follow-up study for patients showing subtle changes with no vessel oriented problems. Another limitation is that most ofthe sagittal images of our patients were not helpf비 in the interpretation of vascular problem due to their discrepant plane of section regardless of the course of vertebral arteries. Thus , the GRE image of the axial plane was the only available image in the majority of our cases.
In patient's records we found several signs such as neck pain , headache , transient loss of consciousness and cord injury symptoms but in only two patients did clinical signs suggest a vessel problem. It is possible that the real posterior fossa sign , at least that relating to TIA in the acute stage of trauma, might be overlooked by the first examiner due to the general symptoms of head trauma and later due to restricted clinical expression while the patient is absolutely stabilized in bed. In spite of uncertain vessel related clinical signs , we found that patients with quadriplegia or quadriparesis , indicating more severe trauma to the bony framework , were significantly more likely to have arterial occlusions
In conclusion , on conventional MR imaging of major cervical spine trauma patients , we found a number of cases of damage to vertebral arteries; the incidence of this was significantly related tothe severity ofthe initial trauma. In spite of vague clinical signs of vessel injuries, MR studies (including available MR angiography) must be applied as soon as possible to patients at risk , in order to recognize a possible vertebral artery injury.
